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Module 8:Module 8:

OnOn--Road Mobile SourceRoad Mobile Source
Emission Inventory Emission Inventory 

DevelopmentDevelopment

2

OnOn--Road Vehicle EmissionsRoad Vehicle Emissions

•• Key source of urban, regional, and global air Key source of urban, regional, and global air 
pollutionpollution

•• Emissions cannot be measured from all vehiclesEmissions cannot be measured from all vehicles

•• A methodology is needed to accurately estimate A methodology is needed to accurately estimate 
present and future vehicle emissions in urban and present and future vehicle emissions in urban and 
national settingsnational settings
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OnOn--Road Mobile Source DefinitionRoad Mobile Source Definition

•• Vehicles that operate on Vehicles that operate on 
paved roadways, including:paved roadways, including:
>> Passenger vehicles, trucks Passenger vehicles, trucks 

and vansand vans
>> Heavy duty trucks with trailers Heavy duty trucks with trailers 
>> Buses and motor homesBuses and motor homes
>> TaxisTaxis
>> Two and threeTwo and three--wheeled vehicles designed for onwheeled vehicles designed for on--road useroad use

•• May operate on any fuel, including petrol, diesel, propane, May operate on any fuel, including petrol, diesel, propane, 
methanol, and electricitymethanol, and electricity
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International Vehicle Emissions Model (IVE)International Vehicle Emissions Model (IVE)

Model OverviewModel Overview
The International Vehicle Emissions (IVE) model is a computer moThe International Vehicle Emissions (IVE) model is a computer model del 
designed to estimate emissions from motor vehicles in developingdesigned to estimate emissions from motor vehicles in developing
countries. The model will help cities and regions develop emissicountries. The model will help cities and regions develop emissions ons 
estimates to:estimates to:

>> Focus control strategies and transportation planning on those Focus control strategies and transportation planning on those 
that are most effective;that are most effective;

>> Predict how different strategies will affect local emissions; anPredict how different strategies will affect local emissions; and d 
>> Measure progress in reducing emissions over time.  The model Measure progress in reducing emissions over time.  The model 

will include local air pollutants, greenhouse gas emissions, andwill include local air pollutants, greenhouse gas emissions, and
toxic pollutants.toxic pollutants.

NoteNote: The model most used in the U.S. is called MOBILE.  It is also : The model most used in the U.S. is called MOBILE.  It is also developed bydeveloped by
U.S. EPA, but is tailored to U.S. vehicles, roadways, fuels, etcU.S. EPA, but is tailored to U.S. vehicles, roadways, fuels, etc..
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OnOn--Road Mobile Source PollutantsRoad Mobile Source Pollutants

•• Criteria pollutants:Criteria pollutants:
>> COCO, O, O33, , NONOxx, SO, SOxx, PM, Lead, PM, Lead and and 

Contributors to criteria pollutants Contributors to criteria pollutants VOCVOC
and and NHNH33

•• Toxics at least 21 pollutants Toxics at least 21 pollutants 
identified sulfur including:identified sulfur including:

>> 1,31,3--Butadiene, Benzene, Butadiene, Benzene, 
Formaldehyde, AcetaldehydeFormaldehyde, Acetaldehyde, , 
Several metal compounds and Several metal compounds and 
dioxin/furansdioxin/furans

•• Greenhouse Gases:Greenhouse Gases:
>> COCO22, N, N22O, CHO, CH44
*  Pollutants in *  Pollutants in BOLDBOLD are estimated in the IVE model.are estimated in the IVE model.
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Required Information for Estimating Required Information for Estimating 
Mobile Source EmissionsMobile Source Emissions

I.I. Vehicle Emission RatesVehicle Emission Rates
>> Perform emissions testsPerform emissions tests
>> Use International Vehicle Emission (IVE) model  Use International Vehicle Emission (IVE) model  

emission ratesemission rates
II.II. Vehicle ActivityVehicle Activity

>> Collect the amount of driving and startsCollect the amount of driving and starts
>> Collect the type of driving and startsCollect the type of driving and starts

III.III. Fleet DistributionFleet Distribution
>> Collect the quantity and type of vehicles Collect the quantity and type of vehicles 
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Part I:Part I:

Understanding Mobile Source Understanding Mobile Source 
Emission RatesEmission Rates
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Types of Mobile Source Emissions Types of Mobile Source Emissions 

•• Evaporative Emissions: Evaporative Emissions: 
>> VOC emissions from the petrolVOC emissions from the petrol

tank and hosestank and hoses

•• Crankcase Emissions: Crankcase Emissions: 
>> VOC emissions from the engineVOC emissions from the engine

•• Tailpipe Emissions: Tailpipe Emissions: 
>> From the engine exhaustFrom the engine exhaust
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Factors Affecting Evaporative Factors Affecting Evaporative 
EmissionsEmissions

•• Fuel Type and VolatilityFuel Type and Volatility

•• Ambient TemperatureAmbient Temperature

•• Engine and Tank technologyEngine and Tank technology
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Diurnal Emissions Diurnal Emissions 
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Factors Affecting Tailpipe EmissionsFactors Affecting Tailpipe Emissions

Fuel Use Rate
Air/Fuel Ratio
Ignition Timing Catalyst Efficiency
Cylinder Temp/Pres
Fuel Type
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DynamometerDynamometer
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DynamometerDynamometer
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Driving CyclesDriving Cycles
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Tailpipe ControlTailpipe Control

•• Air pumpAir pump
>> Adds combustion air to tailpipeAdds combustion air to tailpipe

•• 22--Way Catalyst (CO/VOC Control)Way Catalyst (CO/VOC Control)
>> Catalyst design and active metal contentCatalyst design and active metal content

•• 33--Way Catalyst (CO/VOC/NOWay Catalyst (CO/VOC/NOxx Control)Control)
>> Catalyst design and active metal contentCatalyst design and active metal content

•• Location of Catalyst near engineLocation of Catalyst near engine
>> Heats catalyst faster to provide emissions control soonerHeats catalyst faster to provide emissions control sooner

•• PrePre--capture pollutants during first few minutes of vehicle capture pollutants during first few minutes of vehicle 
operationoperation
>> Captures pollutants until catalyst is hotCaptures pollutants until catalyst is hot
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Engine TechnologyEngine Technology

•• Ignition Type and Compression RatiosIgnition Type and Compression Ratios
>> Spark ignition, compression ignition, high or low Spark ignition, compression ignition, high or low 

compression ratioscompression ratios
•• Air Fuel ControlAir Fuel Control

>> Carburetor, SingleCarburetor, Single--Point Point 
or Multior Multi--Point Fuel InjectionPoint Fuel Injection
>> Oxygen Sensor/ComputerOxygen Sensor/Computer

•• Ignition ControlIgnition Control
>> Mechanical, ComputerMechanical, Computer
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Fuel Quality Improvements That Can Fuel Quality Improvements That Can 
Reduce EmissionsReduce Emissions

•• Eliminate lead (Pb)Eliminate lead (Pb)
>> Reduces public lead exposureReduces public lead exposure
>> Allows for use of 3Allows for use of 3--way way 

catalytic controlcatalytic control
•• Reduce sulfurReduce sulfur

>> Reduces public exposure to Reduces public exposure to 
sulfur oxides and resulting sulfur oxides and resulting 
particulate matterparticulate matter

>> Increases catalyst efficiencyIncreases catalyst efficiency
•• Improve combustion qualities of fuelImprove combustion qualities of fuel

>> Modify mixture of hydrocarbons in the fuel, Use easier to combusModify mixture of hydrocarbons in the fuel, Use easier to combust fuel t fuel 
(ethanol, natural gas)(ethanol, natural gas)

>> PrePre--mix fuel for 2mix fuel for 2--stroke to reduce oil in fuelstroke to reduce oil in fuel
>> Add water to diesel fuel to improve combustion (lowers power)Add water to diesel fuel to improve combustion (lowers power)

•• Lower oxygen demand of the fuelLower oxygen demand of the fuel
>> Add oxygen containing organics such as ethanolAdd oxygen containing organics such as ethanol
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Base Emission RatesBase Emission Rates

•• Taken from MOBILE6 data, extensive Taken from MOBILE6 data, extensive 
measurements made at CEmeasurements made at CE--CERT, and CERT, and 
some internationally provided datasome internationally provided data

•• Base emission rate for each technology and Base emission rate for each technology and 
for each pollutant (~19,000 Base emission for each pollutant (~19,000 Base emission 
rates)rates)

•• Stored in IVE model as grams/kilometer Stored in IVE model as grams/kilometer 
traveledtraveled
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Emissions Divided into Two CategoriesEmissions Divided into Two Categories

•• StartStart--up emissionsup emissions
>> Excess emissions beyond normal hotExcess emissions beyond normal hot--running emissions that running emissions that 

occur while engine is warming upoccur while engine is warming up
>> Occur typically in the first 200 seconds of vehicle operationOccur typically in the first 200 seconds of vehicle operation

•• Running emissionsRunning emissions
>> Those emissions that occur during Those emissions that occur during 

vehicle operations including idlevehicle operations including idle
>> There are both running and startThere are both running and start--up up 

emissions during the first 200 emissions during the first 200 
seconds of vehicle operationseconds of vehicle operation
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StartStart--Up EmissionsUp Emissions

•• Depend on temperature of Depend on temperature of 
engine and catalyst at startengine and catalyst at start
>> Time since engine last startedTime since engine last started
>> Air temperature at the time of Air temperature at the time of 

startstart
•• Proximity of catalyst to engineProximity of catalyst to engine

>> Impacts the time required to Impacts the time required to 
heat up catalyst. (included as heat up catalyst. (included as 
an engine technology)an engine technology)
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Driving Pattern ImpactsDriving Pattern Impacts

•• Vehicle response to driving Vehicle response to driving 
patterns varies depending on patterns varies depending on 
vehicle technologyvehicle technology

•• The key is how vehicle fuel The key is how vehicle fuel 
demand, air/fuel, and ignition demand, air/fuel, and ignition 
timing respond to driving patternstiming respond to driving patterns

•• Air/fuel and ignition timing may be Air/fuel and ignition timing may be 
purposely adjusted to compensate purposely adjusted to compensate 
for high power demand situationsfor high power demand situations
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Running EmissionsRunning Emissions

•• Dependent on Dependent on ““driving factorsdriving factors””
based on vehicle speeds.  based on vehicle speeds.  
These factors have been These factors have been 
distilled from vehicle test distilled from vehicle test 
programs, using speed as a programs, using speed as a 
surrogate for driving patterns.surrogate for driving patterns.

•• Considers Considers ““local effectslocal effects”” due due 
to road grade and air to road grade and air 
conditioning usage.conditioning usage.



12

23

•• IVE model contains 500,000 correction factors used IVE model contains 500,000 correction factors used 
to consider:to consider:
>> Inspection/maintenance programsInspection/maintenance programs
>> Relative humidityRelative humidity
>> Fuel typesFuel types
>> Driving patternsDriving patterns
>> Etc.Etc.

Correction FactorsCorrection Factors
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Part II:Part II:

Vehicle Activity DataVehicle Activity Data
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Vehicle Activity InputsVehicle Activity Inputs

•• Driving pattern distributionDriving pattern distribution
•• Total amount of drivingTotal amount of driving
•• Soak pattern distributionSoak pattern distribution
•• Total amount of startTotal amount of start--upsups
•• Separate distribution required for Separate distribution required for ‘‘multimulti--stopstop’’

vehiclesvehicles
•• Distribution can be average for an entire day or Distribution can be average for an entire day or 

hourlyhourly
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Vehicle Activity CollectionVehicle Activity Collection

•• A substantial amount of driving A substantial amount of driving 
data (seconddata (second--byby--second velocity second velocity 
information) is necessary to information) is necessary to 
estimate the driving distribution estimate the driving distribution 
(percentage of driving in each (percentage of driving in each 
driving bin)driving bin)

•• Data on the time of day and engine soak period necessary to Data on the time of day and engine soak period necessary to 
estimate soak bin percentage for each vehicle typeestimate soak bin percentage for each vehicle type

•• Computer programs process collected data into usable filesComputer programs process collected data into usable files
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Estimating Overall DrivingEstimating Overall Driving

•• The amount of driving in a city or area must be estimated, The amount of driving in a city or area must be estimated, 
by one or a combination of the following:by one or a combination of the following:
>> Collecting vehicle counts on a representative set of roadways, Collecting vehicle counts on a representative set of roadways, 
>> Using registration and sales dataUsing registration and sales data
>> Inspection and maintenance or other form of odometer readingInspection and maintenance or other form of odometer reading

•• The number of vehicles * the average driving per vehicle The number of vehicles * the average driving per vehicle 
will yield an approximate estimate of vehicle kilometers will yield an approximate estimate of vehicle kilometers 
traveled in an areatraveled in an area

•• Many times, multiple estimates can be made and used for Many times, multiple estimates can be made and used for 
crosscross--checkingchecking
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Part III:Part III:

Fleet DistributionFleet Distribution
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LDV Registration DistributionLDV Registration Distribution
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Fleet TechnologiesFleet Technologies

•• The IVE model allows selection of up to 1,243  The IVE model allows selection of up to 1,243  
technologies categorized by vehicle type, size, fuel technologies categorized by vehicle type, size, fuel 
type, age and emissions control technologytype, age and emissions control technology

•• At least 1,000 vehicles should be surveyed in each At least 1,000 vehicles should be surveyed in each 
area to identify an accurate fleet profilearea to identify an accurate fleet profile

•• The fleet VKT (as opposed to registration) should The fleet VKT (as opposed to registration) should 
be used to calculate the fleet distributionbe used to calculate the fleet distribution

•• In many instances, the onIn many instances, the on--road fleet distribution is road fleet distribution is 
significantly different than registration datasignificantly different than registration data
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Vehicle Technology ClassificationsVehicle Technology Classifications

Vehicle Class Fuel and Engine Type                         Fuel Delivery After Control Devices
Light Duty Vehicles Petro 2-cycle Carburated None

Medium Duty Vehicle         Petro 4-cycle Single Port fuel Injected              Catalyst (2 way) 

Heavy Duty Trucks Diesel Multi-port fuel injected Catalyst (3 way) 

2 and 3 wheeled Methanol Direct Injection Particulate Trap 
vehicles

Ethanol Exhaust Gas Recirculation 

Propane Standard based controls
(Euro, Tier, SULEV)

Hybrid

Electric
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Video Taping of TrafficVideo Taping of Traffic

Vehicle 
Count 
Camera

Occupancy 
Count 
Camera
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Parking Lot SurveysParking Lot Surveys

International Vehicle Emissions ModelInternational Vehicle Emissions Model

Design And MeasurementsDesign And Measurements

34
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Estimating OnEstimating On--Road Emissions using Road Emissions using 
the IVE Modelthe IVE Model

•• All onAll on--road emissions can be estimated using the road emissions can be estimated using the 
International Vehicle Emissions (IVE) modelInternational Vehicle Emissions (IVE) model

•• Based on international data, and on the latest Based on international data, and on the latest 
information from the U.S. MOBILE6 and CARB information from the U.S. MOBILE6 and CARB 
EMFAC2002 modelsEMFAC2002 models

•• Predicts emissions for criteria, global warming, and Predicts emissions for criteria, global warming, and 
toxic pollutantstoxic pollutants

•• Predicts emissions from over 1,370 different vehicle Predicts emissions from over 1,370 different vehicle 
typestypes
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Existing General Vehicle Existing General Vehicle 
Emission ModelsEmission Models

•• Existing models designed forExisting models designed for
specific use in U.S., Europe,specific use in U.S., Europe,
and Californiaand California

•• Inaccurate if applied directly to other international Inaccurate if applied directly to other international 
situationssituations

•• The International Vehicle Emissions (IVE) model The International Vehicle Emissions (IVE) model 
designed specifically for use in developing nationsdesigned specifically for use in developing nations
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IVE Model Uses 3 Key Input FilesIVE Model Uses 3 Key Input Files

•• Location file describes applicableLocation file describes applicable
>> Altitude, road grade(optional), temperature, humidityAltitude, road grade(optional), temperature, humidity
>> Diesel and Diesel and petropetro fuel qualityfuel quality
>> Driving and start patterns and amountsDriving and start patterns and amounts

•• Fleet file describes applicableFleet file describes applicable
>> Distribution of vehicle technologies (2 Distribution of vehicle technologies (2 ×× 1,243)1,243)
>> Allows normal use and multiAllows normal use and multi--stop vehiclesstop vehicles

•• Country adjustment file describes applicableCountry adjustment file describes applicable
>> Adjustments to base emission factorsAdjustments to base emission factors
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IVE Model Calculation ProcessIVE Model Calculation Process

38
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Model Calculation Process AllowsModel Calculation Process Allows

•• Single or multiple times of daySingle or multiple times of day

•• Single or multiple locations or links in Single or multiple locations or links in 
an urban areaan urban area

•• Use of local emission factorsUse of local emission factors

•• Setup of independent adjustment calculations for each Setup of independent adjustment calculations for each 
technology and pollutanttechnology and pollutant
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Location PageLocation Page

•• Specifies data pertaining to the immediate location Specifies data pertaining to the immediate location 
including:including:

>> General Information such as average altitude, type of General Information such as average altitude, type of 
I/M program if any, fraction of persons using a/c at     I/M program if any, fraction of persons using a/c at     
8080°° F, fossil fuel characteristicsF, fossil fuel characteristics

>> Hourly (or daily) data including driving patterns, average Hourly (or daily) data including driving patterns, average 
speeds, travel distance or time, temperature, humidity, speeds, travel distance or time, temperature, humidity, 
start patterns, number of startsstart patterns, number of starts
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Location PageLocation Page
Save changes or create a new file

Select Location, Fleet and Base Files

Alter Fuel and 
Driving 
Characteristics
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Fleet PageFleet Page

Input the travel 
fraction for each 
vehicle type
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Applying Technology Specific Emission Applying Technology Specific Emission 
Rates in the IVE modelRates in the IVE model

•• Base emission rates in the IVE model are from the Base emission rates in the IVE model are from the 
Running LA4 cycle and from U.S. vehiclesRunning LA4 cycle and from U.S. vehicles

•• For users with local data, they are encouraged to For users with local data, they are encouraged to 
apply their own emission rates apply their own emission rates 
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Base Adjustment PageBase Adjustment Page
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Calculation PageCalculation Page

Select a location and 
corresponding (fleet) 
file 

Selected location (fleet) file 
displayed here.

Press Calculate to 
display results 

Select hour of 
day to analyze Select emission 

units to display 

Export and Save Results 
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Summary: OnSummary: On--road Mobile Sourcesroad Mobile Sources

•• Estimating onEstimating on--road mobile source emissions road mobile source emissions 
requires three components:requires three components:
>> Vehicle emission ratesVehicle emission rates
>> Vehicle activityVehicle activity
>> Fleet distributionFleet distribution

•• The IVE model has been designed as a tool to aid The IVE model has been designed as a tool to aid 
in developing accurate inventories and can be used in developing accurate inventories and can be used 
initially with only minimal inputs and advanced as initially with only minimal inputs and advanced as 
necessarynecessary



24

QuestionsQuestions
oror

Comments?Comments?
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ENDEND

Module 7: OnModule 7: On--Road Mobile Source Road Mobile Source 
Emission Inventory DevelopmentEmission Inventory Development
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